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Metabolic changes in patients with cancer lead to alterations in their amino-acid balances. Thus, amino-acid profiles
may be useful as biomarkers of cancers. This study was conducted to analyze amino-acid profiles in plasma by
multivariate analysis, in order to elucidate differences between cancer patients and controls. Venous blood samples
were taken from colorectal and breast cancer patients, and healthy controls. Plasma free amino acids were measured
by liquid chromatography/mass spectrometry. No weight loss was observed in any of the cancer patients. Multiple
logistic regression models were used to discriminate between cancer patients and controls. The area under the curve
(AUC) of the receiver operating characteristic (ROC) curve for each discriminant score was calculated as 0.860 (95%
confidence interval: 0.784 to 0.937) for colorectal cancer and 0.906 (95% CI: 0.845 to 0.967) for breast cancer. The
performance of these discriminants was independent of the cancer stage. This study revealed significant differences
in plasma amino acid profiles between cancer patients and controls. The development of a cancer alters plasma
amino-acid profiles without cachexia or weight loss, and the pattern of change differs between two cancers. Plasma
amino-acid profiling might therefore be useful for the early detection of cancer.
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INTRODUCTION

Recent developments in metabolomic approaches enable
investigators to measure amino acids and various other
metabolites in humans by inexpensive methods with high

throughput (Yoshida et al., 2007). Lee et al. (2004) have
described how metabolic profiling data can be used to
define biological status for diagnostic purposes through
multivariate analysis. A great deal of knowledge on
human amino-acid metabolism has also been collected
over the last three decades through the monitoring of
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plasma amino-acid levels. Metabolic changes alter the
amino-acid balance in patients with various diseases.
Because of this, physicians can use indexes such as



Fischer’s ratio, that is, the ratio between branched-chain
amino acids (BCAAs) and aromatic amino acids (Fisher,
1975, 1976; Rosen, 1977), to track the progression of
liver fibrosis and the effectiveness of drug treatment.

The changes in the balance of plasma free amino acids
(PFAA) may only be slight during the early stage,
whereas later-stage patients may become cachectic due
to malnourishment, depending on the deficiency of PFAA
(Heber et al., 1985; Mackenzie and Baracos, 2004; Lai et
al., 2005).

Investigators can also use post-genomic technologies
to derive multivariate functions easily with the aid of a
computer. Noguchi et al. (2006) used multivariate func-
tions made up of plasma amino-acid profiles as indexes
of diabetes, while Zhang et al. (2006) used them to diag-
nose liver fibrosis in patients infected with chronic heap-
titis C. Shikata et al. (2007), meanwhile, described the
structure of the amino-acid metabolism network. The
reports by these authors demonstrate that multivariate
analysis of plasma free amino-acid profiles is a promising
and versatile method for diagnosing various diseases.

Investigators have often found noticeable alterations in
the metabolism of cancer cells (Heber et al., 1985;
Mackezie and Baracos, 2004; Sido et al, 1998;
Rodriguez et al., 2004; Yamaguchi et al., 2005) and
changes in the plasma amino-acid profiles of cancer
patients (Norton et al., 1985; Naini et al., 1988; Cascino
et al.,, 1991, 1995; Kubota et al., 1991; Lviano et al.,
2003; Proenza et al., 2003; Vissers et al., 2005). Cascino
et al. (1991, 1995) for example, described significant
increases in tryptophan (Trp), glutamic acid (Glu), and
ornithine (Orn) in lung cancer patients. Proenza et al.
(2003) reported an increased level of Orn in lung cancer
patients. Kubota et al. (1991) first used plasma amino-
acid profiles to discriminate between breast cancers,
gastrointestinal tract cancers, head and neck cancers,
and healthy individuals within small sample populations
partly made up of malnourished patients. Their results
indicated that the amino acid profiles may be useful for
cancer diagnosis by site.

The detection of metabolic changes using amino-acid
profiles is a promising approach for detecting the pre-
sence of various cancers.

Colorectal cancer is a major cause of morbidity and
mortality worldwide, and one of the most common causes
of cancer deaths in Japan (Saito, 1996). Breast cancer,
meanwhile, is the most common cancer among Japanese
women (Ohnuki, 2006). Both types of cancer can be
eliminated by surgical or endoscopic excision if diag-
nosed at an early stage, without recurrence or meta-
stases in most patients. The development of technologies
for early detection is thus a crucial strategy for de-
creasing cancer deaths. In this study we investigated
differences in the plasma amino-acid profiles between
non-cachectic colorectal cancer patients, non-cachectic
breast cancer patients, and controls, then examined whe-
ther these cancers could be detected by plasma free
amino-acid profiling using multivariate analysis.

MATERIALS AND METHODS
Subjects

Sixty-three patients with colorectal cancer and 61 patients with
breast cancer diagnosed histologically and hospitalized at the
Kanagawa Cancer Center, Yokohama, Japan, between February
2006 and December 2007 were recruited as cases.

The recruitment criteria for the selection of cases were as follows:
clinical stage be 0, I, IlI, or Ill, no metastasis, tumor marker (CEA,
CA19-9, P53) concentrations in serum be under the cut-off levels,
and no weight-loss before hospitalization.

All of the patients were fully informed by the chief physician at
admission and agreed to participate in this study. One-hundred and
fifty-four healthy individuals who had undergone medical exami-
nations at the Center for Multiphasic Health Testing and Services,
Mitsui Memorial Hospital, Tokyo, between May and June 2006 were
recruited as controls. None of the controls had abnormal tumor
markers (CEA, CA19-9).

Of these cases, 49 patients with colorectal cancer and 45 with
breast cancer were chosen at random to form the training data set.
Age (+/- 5 years)-gender matched controls were chosen for each
cancer and the remaining controls were used for a test data set to
evaluate the performance of the estimated discriminants. Blood
samples were collected from all of the colorectal cancer patients,
breast cancer patients, and healthy controls. None of the patients
underwent medical interventions such as surgery, chemotherapy, or
radiotherapy before their blood was sampled. The baseline
characteristics of the patients and controls are summarized in Table
1-A, B.

Analytical methods

Blood samples (5 ml) from all cases and controls were taken from
forearm veins after an overnight fast, placed in tubes containing
ethylenediaminetetraacetic acid disodium salt (EDTA-2Na; Termo,
Japan), and immediately cooled with ice. Blood was drawn from the
cancer patients before any operation or treatment. Plasma samples
were separated by centrifugation at 3,000 rpm and 4°C for 15 min,
and then stored at —80°C. The plasma samples were deproteinized
in a final concentration of 80% acetonitrile before sample
preparation. The amino-acid concentrations in the plasma samples
were measured by high-performance liquid chromatography
(HPLC)- electrospray ionization (ESI)-mass spectrometry (MS),
followed by derivatization. An MSQ Plus LC/MS system (Thermo
Fischer Scientific, Waltham, MA, USA) equipped with an ESI source
was used in positive-ionization mode for selected ion monitoring
(SIM). Xcalibur™ version 1.4 SR1 software (Thermo Fisher Scien-
tific, Yokohama, Japan) was used for data collection and pro-
cessing. The HPLC separation system consisted of an L-2100
pump, L-2200 autosampler, and L-2300 column oven (Hitachi High-
Technologies Corporation, Tokyo, Japan). A Wakosil-Il 3C8-100HG
column (100, 2.1, 3 mm; Wako Pure Chemical Industries, Osaka,
Japan) was used for the separation, and the mobile phase
consisted of eluent A (25 mM ammonium formate in water) and
eluent B (water:acetonitrile = 40:60). The following amino acids and
related molecules (24 compounds) were measured and used in the
analysis: alanine (Ala), alpha-aminobutyric acid (a-ABA), arginine
(Arg), asparagine (Asn), citruline (Cit), glutamic acid (Glu),
glutamine (GIn), glycine (Gly), histidine (His), isoleucine (lle),
leucine (Leu), lysine (Lys), methionine (Met), ornithine (Orn),
phenylalanine (Phe), proline (Pro), serine (Ser), threonine (Thr),
tryptophan (Trp), tyrosine (Tyr), and valine (Val). The plasma levels
of amino acids were expressed in M.

Statistical analysis

The amino-acid concentrations are given as means * standard



Table 1. The characteristics of the cancer patients and the controls by training/test data.

A) Colorectal cancer patients and controls
Training data Test data Total
Case Control Case Control Case Control
Num of data 49 49 13 54 62 103
(Male, Female) (38,11) (38,11) (4,9) (14,40) (42,20) (52,51)
Age (Mean=SD) 64.1:8.2 59.6+5.9 57.5+12.4 55.845.7 62.7+9.5 57.646.1
(min~max) (40~78) (40~69) (33~75) (40~69) (40~78) (40~69)
BMI (Mean+SD) 23.1+4.3 23.8+4.1 22.2+3.6 22.843.0 22.943.5 23.3+3.6
(min~max) (13.8~34.9) (17.8~42.2) (13.1~26.9) (17.4~31.6) (13.1~34.9) (17.4~42.2)
Stage0 2 - 0 - 2 -
| 7 - 2 - 9 -
Il 19 - 3 - 22 -
1] 14 - 8 - 22 -
Y 6 - 0 - 6 -
Uncharacterized 1 - 0 - 1 -
B) Breast cancer patients and controls
Training data Test data Total
Case Control Case Control Case Control
Num of data 45 45 16 6 61 51
Age (Mean+SD) 56.4+12.6 57.5+6.0 62.6+9.8 58.31+4.2 58.0+12.1 57.6+5.8
(min~max) (28~81) (40~69) (41~77) (54~65) (28~81) (40~69)
BMI (Mean+SD) 22.0+4.2 22.9+4.2 22.3+3.1 21.842.4 22.042.9 22.8+4.0
(min~max) (16.4~30.2) (17.4~42.2) (17.0~27.6) (18.5~25.2) (16.4~30.2) (17.4~42.2)
Stage 0 5 - 3 - 8 -
I 22 - 8 - 30 -
Il 14 - 4 - 18 -
1} 4 - 1 - -
Uncharacterized 0 - 0 - 0 -

*):Significant (p<0.05) at t-test .

deviation (SD). Student’s t -tests and Mann-Whitney U-tests were
used to assess differences between patients and controls for each
cancer. A probability of 5% or less was considered significant.
Principal component analysis (PCA) was performed using the
standardized z-score for all the training data. Discriminant functions
for each cancer were predicted by multiple logistic-regression
analysis. The multiple logistic- regression model was applied to all
combinations of the 21 amino acids, and the maximum number of
variables was restricted to below seven. To avoid multicolinearity,
combinations of variables with a variance inflation factor (VIF)
exceeding 10 were omitted from the analysis. The best model was
defined as the candidate formula with the minimum Akaike’s
Information Criterion (AIC; Steyerberg et al., 2000). The efficiency
of discrimination of the discriminants was estimated from the
receiver-operator characteristic (ROC) curve of the estimated
probability score of each cancer. The area under the curve (AUC)
was calculated for the ROC curve (ROC_AUC; Baker, 2003). To
confirm the performance of the estimated discriminants, ROC_AUC
values were also calculated using the probability scores obtained
from the test data. The Kruskal-Wallis test was used to estimate the
effect of the cancer stage on the probability score. All of the
statistical and multivariate analyses were performed with MATLAB
(The Mathworks, MA, USA) and GraphPad Prism (GraphPad
Software, CA, USA).

This study and study protocol were reviewed and approved in
advance by the institutional review board of the Kanagawa Cancer
Center.

RESULTS
Characteristics of patients and control subjects

The training group included 49 colorectal cancer patients
(two at pathological stage 0, seven at stage |, nineteen at
stage Il, fourteen at stage lll, six at stage IV, and one
uncharacterized; Table 1A) who had been diagnosed by
low- dose helical computed tomography (CT) and biopsy,
and 45 breast cancer patients (five at pathological stage
0, twenty-two at stage |, fourteen at stage Il, and four at
stage lII; Table 1B) who had been diagnosed by mammo-
graphy and biopsy before any symptoms were noticed.
There was no significant difference in body-mass index
(BMI) between the patients and control subjects for either
type of cancer (Table 1A, B).
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Figure 1. ROC curves of discriminant-1 for colorectal cancer (A)
and discriminant-2 for breast cancer (B) of training data (solid line)
and test data (dotted line).

Altered amino-acid profiles in colorectal and breast
cancers

The plasma concentrations of several amino acids in the
colorectal cancer patients were significantly different from
those observed in the controls. The levels of Thr, Cit, Val,
Met, lle, Leu, Tyr, and Phe were reduced in the colorectal
patients, while that of Glu was increased (Table 2A). The
total essential amino acids (EAAs) therefore declined
(especially the BCAAs, Val, Leu, and lle), whereas the
total plasma amino acids (SUM AA), including the non-
essential amino acids, were unchanged (Table 2A). In
contrast, the concentrations of the BCAAs, Tyr, and Phe
decreased, whereas the Fischer's ratio (BCAA/
(Tyr+Phe); (Rosen et al., 1977) remained unchanged
(Table 2A).

The alteration of the plasma amino-acid profile in breast
cancer differed from that in colorectal cancer, with fewer
changes observed. The levels of Met, lle, Phe, and Arg
decreased in the breast cancer patients, while those of
Thr, Ser, Glu, a-ABA and Orn increased (Table 2B). The
breast cancer patients were similar to the colorectal can-
cers in exhibiting no significant change in EAA and
BCAA, but they did exhibit an increase in the Fischer’s
ratio, a change not observed in colorectal cancer (Table
2B).

To summarize the changes of the plasma amino-acid
profiles, we performed a principal component analysis
(PCA) using the standardized z-score for each amino
acid and five principal components (PCs) with eigen-
values of more than 1 (Table 3). To analyze the contribu-
tions of three background factors, that is, age, gender,
and the presence (=1) or absence (=0) of cancer, to each
PC, we used the Spearman’s correlation coefficients
between these factors and the five PC scores. Our analy-
sis revealed that PC3 was mainly correlated with the
presence or absence of colorectal cancer, that PC4 was
mainly correlated with the presence or absence of breast
cancer, and that gender and age contributed principally to
PC1 and PC2 (Table 3). These findings suggest that the
altered amino-acid profiles would be useful for detecting
the onset of these cancers. They also imply that the two
kinds of cancer have different effects on the plasma

amino-acid profile.

Multivariate functions for discriminating colorectal
and breast cancers

The above- mentioned results suggest that it should be
possible to improve discrimination by deriving multivariate
functions with the amino- acid profiles as explanatory
variables. Noting this, we performed multiple logistic-
regression analyses with selected variables using each
training datum (as described in the Subjects and Methods
section). For colorectal cancer, discriminant-1 consisted
of the six amino acids Val, Glu, Thr, a-ABA, GlIn, and Pro.
For breast cancer, discriminant- 2 consisted of the six
amino acids Thr, Ala, a-ABA, lle, Orn, and Arg. The esti-
mated coefficients, standard errors, and p-values for each
model are summarized in Table 4.

To evaluate the performance of the discriminants, we
calculated ROC curves for each of the discriminant
scores. When using training data for this calculation, we
obtained ROC _AUC values of 0.860 (95% confidence
interval: 0.784 to 0.937) for colorectal cancer and 0.906
(95% confidence interval: 0.845 to 0.967) for breast
cancer (Figure 1A and B, solid lines). To confirm the
performance of the discriminants, we derived ROC
curves from the split test data. These reproduced the
good diagnostic performance, with values of 0.910 (95%
confidence interval: 0.834 to 0.986) for colorectal cancer,
and 0.865 (95% confidence interval: 0.765 to 1.000) for
breast cancer (Figure 1A and B, broken lines).

Discriminant scores are independent of cancer stage

If the above-mentioned discriminants are to be used in
diagnosis for early cancers, they must have adequate
predictive power. To determine whether they met this
condition, we compared all of the predicted values (both
the training data and test data) of each discriminant with
the pathological stage (Figure 2A and B) . In the case of
colorectal cancer, about 60% of the patients were
categorized as early stage (stages 0, |, and I, Table 1A).
The Kruskal-Wallis test revealed no significant correlation
between the probability of colorectal cancer and the
pathological stage (Figure 2A). In the case of breast
cancer included training and test data, most of the
patients were categorized as early stage (stages 0, |, and
Il, Table 1B) and only five of the patients were defined as
advanced stage (stage lll, Table 1B). The discriminant
score in the stage 0 or | group was not significantly differ-
rent from those in the stage Il or Il groups (Figure 2B).
These results suggest that the discriminants obtained are
equally predictive for early and later stage.

DISCUSSION

Cancer-associated cachexia is a well known cause of
alterations in the plasma amino-acid profiles of cancer



Table 2. The differences of plasma amino-acid profiles between colorectal cancer patients (A),
breast cancer patients (B), and controls using the Mann-Whitney U-test.

A) Colorectal cancer

Amino acids

Case (meanSD)

Control (Mean + SD)

Significance

Thr
Ser
Asn
Glu
GIn
Pro
Gly
Ala
Cit
a-ABA
Val
Met

lle

Leu
Tyr
Phe
His
Trp
Oorn
Lys
Arg
SUM AA
EAA
BCAA
Fisher ratio

102.1+23.8
115.8+16.8
42.1+7.3
45+ 18.6
596.7+83.9
163.3+41.7
243.2+49.2
391.8+111
21.5+48
20.5+7.3
243.5+50.6
28.1+5.3
68.9+13.3
119.8+23.3
77.5+20.4
63.1+11.7
77.2+17.7
59.4+9.8
56.9 £ 18
214.3+34.5
101.2+19
2851.8 + 357
976.4+ 1415
432.2+79.3
3.1+ 0.5

116 £ 23.8
121.6 £ 23.4
453+95
36.9+13.2
590.1+94.4
164.2 £ 39
251.3+57.6
378.4 £ 86.5
244+49
19.1+6
276.8 +46.1
314+57
80.9+16.2
136.1+24
84.2+13.6
72+10.8
80.3+14
62.2+12.1
59.5+15.6
217.4 +£30.6
107.6 £ 25
2956 + 255.7
1073 +134.7
493.8 +81.5
3.2+04

p<0.01

p<0.05

p<0.01

p<0.01
p<0.01
p<0.001
p<0.001
p<0.01
p<0.001

p<0.01
p<0.01

B) Breast cancer

Amino acids

Case (Mean * SD)

Control (Mean + SD)

Significance

Thr 119.7+22.8 111.5+ 25.2 p<0.05
Ser 126.4+ 26.9 1145+21.4 p<0.05
Asn 424+7.1 43.6+8.6

Glu 34.1+14.3 24.3+10.9 p<0.001
Gin 5945+ 97.1 591.9+75.3

Pro 146.3+ 32.9 150.6 + 38.2

Gly 291.6+ 80.6 270.8+75.1

Ala 395.6+81.4 373.3+93.1

Cit 19.6+ 4.7 21.8+5.1

a-ABA 20+5 172+ 4.4 p<0.05
Val 237.2+39 235.5+45.5

Met 249+53 26.7+43 p<0.05
lle 556.2+125 64.8 +15.9 p<0.01
Leu 108.5+ 17 115.6 £ 25

Tyr 69.6+12.4 75.8£15

Phe 60.6+12.1 68+12.1 p<0.01
His 78.3+15.1 82+11.8

Trp 57.8+9.9 62.2+12.2

Orn 61.7+171 49.4+13.4 p<0.001
Lys 205.1+34.8 205.5+29.7

Arg 90 + 23.8 107.3+19.4 p<0.001




Table 2B Contd.

SUM AA 2839.2 +285.9 2812.1 +264.7
EAA 947.4+ 104.4 971.7+ 126.5
BCAA 400.9 +61.3 415.8 +£82.6
Fisher ratio 3.1+ 0.4 2.9+ 0.3 p<0.05
Table 3. Correlation between subjects and PCA of the amino-acid profiles in the training data.
Principal components PCA1 PCA2 PCA3 PCA4 PCA5
. : 6.2 29 1.6 15 11
0,
Eigenvalue (% of total variance) 29 50% 13.80% 7 60% 7.00% 5.20%
Gender -0.3293 0.3515 0.0775 -0.1224 -0.0485
Spearman's Age 0.0084 -0.1116 0.0486 0.1039 0.2349
correlation Presence (=1) or absence (=0) of;
coefficient Colorectal cancer -0.0635 -0.1368 0.229 -0.0501 -0.0563
Breast cancer -0.1748 0.2117 0.1402 -0.2416 0.0109

Table 4. The estimated coefficients, standard errors, and p-values
for each model.

Coefficient SE p_value

A) Colorectal cancer
Constant -0.898 3.034 0.767
Val -0.042 0.011 0.000
Glu 0.096 0.025 0.000
Thr -0.039 0.017 0.023
a-ABA 0.177 0.056 0.002
Gin 0.009 0.004 0.027

Pro 0.018 0.009 0.041
B) Breast cancer
Constant 3.714 3.021 0.219
Thr 0.045 0.021 0.031
Ala 0.010 0.005 0.048
a-ABA 0.210 0.090 0.020
lle -0.120 0.039 0.002
Oorn 0.061 0.025 0.016
Arg -0.133 0.037 0.000

patients (Heber et al., 1985; Mackenzie and Baracos pa-
tients., 2004; Lai et al., 2005). Cachectic characteris-tics
are thought to result from semi-starvation, decreased
muscle protein synthesis, increased muscle protein
degradation, increased protein synthesis and turnover,
increased gluconeogenesis, and other processes (Heber
et al., 1985; Mackenzie and Baracos, 2004). Given the
possible effects of colorectal cancer on the absorption of
amino acids and other nutrients, some suspect that the
plasma amino-acid concentrations, particularly those of
EAAs, may decrease even when no weight loss is
detected (Table 1A, B). It thus appears that the change of
plasma amino- acid profiles observed in colorectal cancer
may result in part from malnutrition. Indeed, plasma
amino-acid profiles are also altered in patients with
inflammatory bowel disease (IBD; Papadia et al., 2007).

Several studies, however, have demonstrated significant
changes in the plasma amino-acid profiles of cancer pa-
tients without cachexia (Cascino, 1995; Proenza, 2003;
Vissers, 2005). This suggests that multivariate analysis of
amino-acid profiles may be useful for the early detection
of cancer.

This work therefore recruited the earlier-stage cancer
cases before clinical stage 1V, although we also included
6 patients with colorectal cancer of pathological stage IV
(Table 1).

Our group found no apparent signs of cachexia in the
patients of the current study, as none of them had lost
significant amounts of body weight (Table 1A, B). We
thus speculate that the changes in the amino-acid profiles
of breast cancer patients cannot be accounted for by
malnutrition or cachexia. Vissers et al. (2005) observed
decreases in the plasma levels of several amino acids in
breast cancer patients and colon cancer patients with lit-
tle or no weight loss. These findings suggest that the
differences in amino-acid profiles observed are due not to
malnutrition, but to cancer- specific alterations of amino-
acid metabolism, especially in cases of breast cancer.

There has recently been accumulating evidence of
important effects on Arg levels in association with acti-
vities of the immune system in cancer patients. Several
reports on cancer have mentioned increased production
of arginase |, which catalyzes the conversion of Arg into
Orn and urea, and increased production of NO synthase,
which catalyzes the conversion of Arg into Cit and nitric
oxide (NO) (Sido et al., 1998; Rodriguez et al., 2004;
Yamaguchi et al., 2005; Vissers et al., 2005). Cascino et
al. (1995) reported a decrease in the plasma Arg level
and an increase in the Orn level in breast and lung can-
cers, albeit not to statistically significant degrees. Our
group also found a slight, less than significant, decrease
of plasma Arg levels in both cancer types examined
(Table 2A, B). Based on this finding, we incorporated Arg



into our logistic-regression model for breast cancer (Table
3).

In addition to the possible immunological effects, there
is evidence that cancers originating from different organs
might lead to different alterations of the amino-acid profile
(Norton et al., 1985; Naini et al., 1988; Cascino et al.,
1991, 1995; Kubota et al., 1991; Lviano et al., 2003;
Proenza et al., 2003; Vissers et al., 2005). The altered
plasma amino-acid profiles identified in our study differed
between colorectal and breast cancers. As amino acids
are produced and assimilated in an organ- specific man-
ner, we were encouraged to find that the indices
screened for the two cancers differed in the compositions
of the plasma amino acids.

In general, histological diagnostic methods such as
colonoscopy and biopsy are established means for
obtaining definite diagnoses. Yet the invasiveness and
considerable expense render them unfeasible for many
individuals who undergo medical examinations. Instead,
faecal occult blood testing is used to screen for colorectal
cancer (Saito, 1996) and mammography is used to
screen for breast cancer (Ohnuki et al., 2006; Moss et al.,
2006). Both of these methods have disadvantages. In
faecal occult blood testing, for example, the appearance
of haemoglobin in stool is not specific for neoplasms (Ito
et al., 2002). Mammography, meanwhile, exposes indivi-
duals to radiation and would not be cost-effective for
annual examination (Ohnuki et al., 2006). Even if no one
test is invasive or expensive, a battery of various tests
performed in an annual medical examination can be bur-
densome and expensive. The discovery of new tumor
markers using genomic and proteomic technologies is
being pursued vigorously (Cho, 2007). Yet few, if any, of
the markers identified so far are sensitive or specific
enough to be clinically useful for early detection. To name
just two examples, the major tumor marker for colorectal
cancer, carcinoembryonic antigen (CEA), and the major
marker for breast cancer, cancer antigen 15-3 (CA15-3),
are both thought to lack adequate sensitivity for early
detection (Ito et al., 2002; Cho, 2007).

Nevertheless, the results presented here demonstrate
that plasma free amino-acid profiling is useful for detect-
ing both colorectal cancer and breast cancer. Unlike
conventional tumor markers, the discriminants developed
in this study identify patients equally well at any stage of
cancer. Thus, they may used for screening.

This study had important limitations. First, the samples
were limited in number, particularly those for testing data,
and they were taken from only two cancer sites. Second,
the number of cases was too low to permit analyses of
confounding factors such as sex, age, liver disease, and
other chronic diseases. Third, the study was not a ran-
domized controlled case-control study and a cohort stu-
dy, but a non randomized controlled study. Hereafter, we
will be planning a randomized controlled cohort study to
establish a new cancer screening method with plasma free
amino acid profiles.

If it ever becomes possible to evaluate the incidence of

every type of cancer using only one plasma sample, the
reduction in cancer mortality will be tremendous.
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